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WIn this issue of Cell, the Heasman group implicates
WWnt11 as a component of the canonical Wnt signaling
ipathway that specifies Xenopus laevis axis formation
(Tao et al., 2005). This important work not only identi-
bfies a long-sought-after dorsalizing factor but also βhighlights the pivotal role of extracellular cofactors in
rspecifying the activation of either canonical or nonca-
nnonical Wnt pathways.
Z
WDespite structural differences between species, highly
Wconserved mechanisms pattern the early vertebrate
2
embryo into an animal with clearly defined anteropost-
b
erior and dorsoventral axes. Years of research have
s
demonstrated that dorsoventral polarity in the amphib-
f
ian embryo is established in large part through the con- z
certed action of specific signaling molecules and (
microtubule-mediated transport mechanisms that en- m
rich these molecules on the dorsal side of the embryo t
(see review by Weaver and Kimelman [2004]). A critical t
protein with dorsalizing activity in both frog and fish p
embryos is β-catenin, a component of the canonical c
Wnt signaling cascade. It has been shown that manipu- W
lation of β-catenin levels in Xenopus embryos dramati- a
cally affects axis formation (Heasman et al., 1994; Fu- W
nayama et al., 1995). In the canonical Wnt pathway, the f
ability of β-catenin to act as a transcriptional coactiva- n
tor is restricted by a destruction complex, a group of
cytoplasmic proteins (Axin, Adenomatous Polyposis t
Coli, Glycogen Synthase Kinase 3β, and others), whose X
function is to mark β-catenin for ubiquitination and de- p
gradation (see review by Logan and Nusse [2004]). Nor- l
mally, Wnt ligand binding to a Frizzled transmembrane t
receptor activates a signaling cascade that disrupts p
this protein complex and results in accumulation of un- s
phosphorylated β-catenin (Figure 1). β-catenin then en- c
ters the nucleus and forms complexes with TCF/LEF p
transcription factors to activate the transcription of g
target genes. However, there has been growing con- w
tsensus among researchers that, during Xenopus axisformation, a Wnt ligand is not involved and that an un-
identified molecule with dorsalizing activity regulates
downstream components of canonical Wnt signaling to
influence β-catenin stabilization (Weaver and Kimelman
[2004]; also see zebrafish data discussed below).
The Heasman group (Tao et al., 2005) has now pro-
vided compelling evidence for the involvement of a Wnt
ligand in Xenopus axis formation. Tao et al. (2005) de-
monstrate that maternal Wnt11 is both necessary and
sufficient for axis specification upstream of β-catenin.
Central to dissecting the role of Wnt11 in axis formation
was the authors’ ability to manipulate Wnt11 activity
specifically within the oocyte rather than in fertilized
ggs, where maternal Wnt protein can mask effects on
he embryo. Injection of synthetic Wnt11 RNA into oo-
ytes causes dorsalization associated with increased
xpression of Wnt target genes such as siamois and
nr3. By contrast, depletion of maternal Wnt11 mRNA
n oocytes leads to reduction of dorsoanterior embry-
nic structures in a manner similar to the loss of mater-
al β-catenin (Heasman et al., 1994). Importantly, the
oss of maternal Wnt11 function is rescued by dorsal
njection of synthetic b-catenin RNA, indicating that
aternal Wnt11 regulates axis formation by a canonical
nt signaling pathway. Analysis of the distribution of
nt11 mRNA in early Xenopus embryos revealed that,
ndeed, Wnt11 is enriched dorsally.
Is Wnt11 a universal axis inducer in vertebrate em-
ryos? While it is clear that nuclear accumulation of
-catenin is required for axis formation in zebrafish (see
eview by Hibi et al. [2002]), dorsal enrichment of mater-
ally expressed wntmRNA has not been demonstrated.
ebrafish embryos lacking both maternal and zygotic
nt11 function form normal body axes, arguing that
nt11 is not the dorsalizing activity (Heisenberg et al.,
000). However, the existence of another maternal ze-
rafish Wnt11 homolog is possible. Overexpression of
ynthetic wnt5 RNA in zebrafish embryos causes dif-
erent dose-dependent phenotypes including dorsali-
ation, ventralization, and cell movement defects
Westfall et al., 2003). Maternal-zygotic zebrafish wnt5
utants were reported to exhibit a dorsalized pheno-
ype with a concurrent increase in nuclear β-catenin on
he dorsal side of the embryo, suggesting that Wnt5
romotes ventral patterning, perhaps by antagonizing
anonical Wnt signaling (Westfall et al., 2003). Does a
nt ligand regulate dorsal axis formation in zebrafish,
nd, if so, how and why is this activity antagonized by
nt5? The answers to these questions await the identi-
ication and further detailed examination of each mater-
al zebrafish wnt gene.
Besides the importance of identifying a Wnt ligand
hat acts upstream of the canonical pathway during
enopus axis formation, the implication of Wnt11 in this
rocess is also quite unexpected (Tao et al., 2005). Wnt
igands are traditionally classified as either canonical/
ransforming (e.g., Wnt1, Wnt8) or noncanonical/mor-
hogenetic (e.g., Wnt5, Wnt11). This point is under-
cored during frog and fish gastrulation, where canoni-
al Wnts are implicated in cell fate and tissue
atterning, while noncanonical Wnts regulate morpho-
enetic movements that shape the embryo body. The
ork by the Heasman group (Tao et al., 2005) suggests
hat this distinction may be blurred. How might Wnt11
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737Figure 1. Schematic of Vertebrate Wnt Sig-
naling Pathways
Wnt11 stimulates distinct signal transduc-
tion pathways to affect axis formation and
polarized cell behaviors underlying gastrula-
tion movements (see text; data not shown
due to space limitations). Depending on the
presence of specific Frizzled receptors and
extracellular cofactors, Wnt11 activates
either the canonical or noncanonical path-
ways. Not all proteins and interactions are
depicted.selectively activate either canonical or noncanonical
Wnt/Frizzled pathways to control specific develop-
mental processes (Figure 1)? One likely mechanism en-
tails the differential expression of extracellular cofac-
tors that act either to promote Wnt/Frizzled interactions
or to inhibit/promote the activity of certain Wnt antago-
nists. The current paper by Tao et al. (2005) identifies
a requirement for Exostosin in activation of the Wnt11
canonical pathway and stabilization of β-catenin. Exos-
tosin is an enzyme necessary for the addition of glyco-
saminoglycan side chains to heparan sulfate proteogly-
cans (HSPGs), considered a prerequisite for interactions
between HSPGs and extracellular signaling molecules
like Wnts. During zebrafish gastrulation, interactions
between Wnt11 and the HSPG Knypek (glypican 4/GPC4)
promote a noncanonical pathway (Figure 1) regulating
polarized cell movements (Topczewski et al., 2001), and
Xenopus GPC4 was shown to physically associate with
Wnt11, Wnt5a, and Wnt8 in vitro (Ohkawara et al.,
2003). Do different glypican family members operate in
Xenopus oocytes and gastrulae to promote distinct
Wnt pathways? Interestingly, Tao et al. (2005) also show
that maternally expressed FRL1, a Xenopus EGF-CFC
protein, directly binds Wnt11 to promote canonical Wnt
signaling upstream of β-catenin and to affect dorsal cell
fates. The cumulative data on Wnt11 suggests that the
activation of distinct downstream signaling pathways
is regulated by tissue-specific cofactors that work in
combination with the proper Frizzled receptors.
Finally, the work of Tao et al. (2005) may be relevant
to diseases such as cancer where both canonical and
noncanonical Wnt pathways affect a broad range of
cellular phenotypes. Depending on the presence or ab-
sence of particular cofactors, abnormal Wnt expression
may drive cell transformation events via β-catenin ac-
tivity or tumor cell migration and tissue invasion via ef-
fects on the actin cytoskeleton and adhesion. Under-
standing the extracellular and intracellular events thatcontrol the activation of specific Frizzled receptors and
their downstream pathways remains a major challenge.
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